The reaction path hamiltonian is used to investigate the isomerisation CH30 -> CH2OH; the reaction path, the frequencies along it and the coupling coefficients describing reaction path curvature were calculated by ab-initio methods. Correlation effects were included by configuration interaction using a double-zeta-plus-polarisation basis set. Including both tunnelling and curvature gives temperature dependent rate constants in broad agreement with experiment, whereas previous results were in error by several orders of magnitude.
I. Introduction
Now that ab-initio analytic gradient and second derivative calculations have become routine [1] , it is becoming practical to investigate the dynamics of chemical reactions using accurate quantum chemical techniques. The reaction path hamiltonian (RPH) of Miller et al. [2] has made it leasable to use ab-initio methods to calculate reaction rates, and in particular, tunnelling contributions to these rates. The hamiltonian for a reacting system is expressed in terms of the reaction path, as defined by Fukui [3] , and various quantities along it. The basic idea is to consider the potential as a one-dimensional barrier along the path and a multi-dimensional well in all perpendicular directions. Therefore it is not necessary to search large areas of the potential energy surface to define the hamiltonian. We have used the RPH to perform a detailed calculation on the contribution of tunnelling and reaction path curvature to the rate of isomerization of the methoxy radical. This isomerization may be important for the oxidation of methoxy in the upper atmosphere. We presented some calculations on this system [4, 5] a few years ago, and have repeatedly been asked for the results of the more accurate calculations promised in that paper. The calculations described here use a higher level of quantum chemical theory, and give results in much better agreement with experiment than those previously described.
There have been many other calculations using the RPH and various authors have extended the theory [6-11] but we believe that this work is still the most complete treatment of a system of more than three atoms. We explicitly calculate the coupling coefficients that enable reaction path curvature to be taken into account, and we treat all of the 8 normal modes orthogonal to the reaction path, whereas most other authors ignore reaction path curvature and only consider one or two of the normal modes, treating the remainder as a heat bath.
The reaction path hamiltonian
The RPH of Milter et al. [2] has been described fully in earlier work, [6-8, 10, 11] and so is merely summarized here.
If Ri, vi = 1, ..., N, y = x, y, z are the cartesian co-ordinates of an N atom system with a single saddle point separating reactants and products, and mi, i --1,..., N are the atomic masses, then the mass-weighted cartesian co-ordinates are xi, v = mil/2Ri,~. The reaction path, a(s), is defined as "the path of steepest descent in mass-weighted cartesian co-ordinates from the saddle point to the products and to the reactants", i.e.
al, v(s) = -(O V/Ox,,v)/ c 1/2
(1.1) where c = ~i,v (OV/Oxi, v) 2 is a normalization factor, and V is the potential energy as a function of the nuclear co-ordinates.
The reaction co-ordinate, s, is defined by
and gives the length along the reaction path. For zero total angular momentum, the hamiltonian can be written:
where : Qk, Pk, k=I, ..., are the normal co-ordinates and conjugate momenta for motion orthogonal to the reaction path, found from the (3N-7) non-zero eigenvalues Wk(S) and corresponding eigenvectors [Li, v,k(S) ] of the projected second derivative matrix at the point s.
